RI HEIMMEL, M.R. and M.A. MURPHY. Ocular injuries in basketball and baseball: what are the risks and how can we prevent them? Curr. Sports Med. Rep., Vol. 7, No. 5, pp. 284Y288, 2008. Ocular trauma is a frequent result of sports-related injury during basketball and baseball. A screening sideline examination should be performed immediately to assess vision and evaluate the severity of damage. The team physician should be able to treat minor injuries and identify vision-threatening trauma for immediate referral. Injuries range from minor, including corneal abrasion and foreign bodies, to more severe, including hyphema, orbital fracture, and globe rupture. Resultant damage may be vision-threatening and permanent. Most of these injuries can be prevented with full-time use of sport-specific protective eyewear. Physicians should recommend appropriate eye protection and counsel patients accordingly.
INTRODUCTION
Approximately 1.6Y2.4 million Americans sustain eye injuries each year (1) . An estimated 40,000 of these injuries will cause permanent damage resulting in legal blindness in the injured eye. Approximately one third of these injuries result from sports (1) . In the United States, most ocular trauma in athletes ages 5Y24 yr is a result of basketball-and baseball-related injuries (2) . Baseball is the most common cause of eye injuries in 5-to 14-yr-olds, second to basketball among 15-to 24-yr-olds, and third among 25-to 64-yr-olds, behind basketball and racket sports (Table 1) (3) .
It is estimated that 90% of these injuries are preventable (4, 5) . The physician plays an important role in injury prevention by appropriately counseling athletes at high risk for ocular injury. All patients should be encouraged to safely participate in sports and recreation. Those who are at risk include athletes who have had prior ocular surgery, or those who are functionally monocular as a result of prior injury or eye disease. These patients require much higher safety precautions.
Physicians must be comfortable making evidence-based recommendations regarding situation-, age-, and sportspecific protective eyewear.
RISK OF EYE INJURY IN BASKETBALL AND BASEBALL
Approximately 1 in 10 college basketball players suffers an eye injury each year (6) .
Most injuries result from another player's fingers or elbows rather than the ball itself (7, 8) . In a study of 1092 injuries sustained by National Basketball Association (NBA) players over a 17-month period, 59 (5.4%) involved the eye and surrounding tissues. The most frequent injuries were 30 abrasions or lacerations to the eyelid (50.9%), 17 contusions to the eyelid or periorbital region (28.8%), 7 corneal abrasions (11.9%), and 3 orbital fractures (5.1%). Eighteen (30.5%) of the injuries occurred while the player was in the act of rebounding, and 16 (27.1%) while the player was on offense. Most injuries were caused by fingers (35.6%) or elbows (28.8%). The study also found that 57 players (96.6%) did not use protective eyewear at the time of injury (9) .
In 1991, the Massachusetts Department of Health found that 1 of every 238 children 5Y19 yr old was treated at a hospital for a baseball-related injury (10) . Unlike basketball, baseball injuries most commonly result from direct contact from a thrown or batted baseball to the eye (11) . In a study of Major League Baseball (MLB)-related ocular injuries, 24 eyes of 21 players were injured in a 1-yr period. Most injuries resulted from contact from a batted ball. Less commonly, injuries were sustained from a foreign body, eye rubbing, thrown ball, or a collision. Players were injured while at bat, in the infield, outfield, or even while on the sidelines and on-deck area. Of the 21 players injured, one eye injury was sustained while sliding. Injuries included periorbital echymosis, corneal abrasion, foreign body, hyphema, lid laceration, corneal edema, and traumatic iritis. Of the 21 players injured, only one wore prescription safety goggles (12) .
SIDELINE EVALUATION OF OCULAR TRAUMA
A consistent sign of severe ocular injury is visual loss. The evaluation of the athlete with an ocular injury should start with an assessment of visual acuity. This can be done with a standard Snellen visual acuity card, or less formally, by testing the ability to count fingers or read any available print. Vision should be tested in each eye separately, using corrective lenses if worn.
Next, a penlight should be used to assess the pupillary light reaction in each eye. Attention should be given to both the direct and consensual pupillary responses and also to the presence or absence of a relative afferent pupillary defect. The latter is demonstrated using the swinging flashlight test, in which a light is moved back and forth between the eyes. An afferent pupillary defect is found when paradoxical pupillary dilation is noted upon swinging the light from the normal eye to the affected eye. The presence of an afferent pupillary defect is highly suggestive of traumatic optic nerve injury.
The penlight is subsequently used to assess the eyelids, looking carefully for lacerations involving the tearduct system located in the medial aspect of both upper and lower eyelids. The lids are then gently opened to avoid placing pressure on the underlying globe. The penlight is used to inspect the conjunctiva, cornea, anterior chamber, iris, and lens. Proparacaine, a topical anesthetic drop, is used to facilitate examination in the uncomfortable or photophobic patient, and fluorescein is used to stain any corneal epithelial defect.
Any serious or suspicious injuries require immediate referral to the ophthalmologist. Visual loss, severe eye pain, floaters, or flashes all suggest the need for prompt referral (13) .
COMMON BASKETBALL-AND BASEBALL-RELATED EYE INJURIES

Eyelid Laceration
Facial lacerations are the most common basketballrelated eye injuries (9) . Primary closure may be performed for superficial lacerations away from the eyelid margin. Indications for referral to an ophthalmologist include any laceration involving the eyelid margin or tear drainage system. Deep lacerations of the upper eyelid where orbital fat is visible should be explored thoroughly, as there may be injury to the underlying levator muscle or aponeurosis. Without proper levator repair, patients may experience resultant ptosis (14) .
Corneal Abrasion
A corneal abrasion is an epithelial defect that stains with fluorescein dye. Frequently, patients also have conjunctival injection and eyelid swelling. Symptoms include severe sharp eye pain, a foreign body sensation, tearing, and photophobia. Corneal abrasions are most often a result of fingernail injury to the eye. Treatment involves antibiotic ointment or drops as well as pain control with an oral nonsteroidal anti-inflammatory drug (NSAID). Referral should be made for any large, central, or vision-threatening corneal abrasion. Patching of corneal abrasions should be avoided, as this may increase the risk of secondary infection (15Y17).
Conjunctival and Corneal Foreign Bodies
Although the symptoms are similar to those of a corneal abrasion, making the correct diagnosis is paramount to the management of foreign bodies of the cornea or conjunctiva. Athletes often report acute-onset eye pain, foreign body sensation, and tearing following ocular trauma. A high index of suspicion for a foreign body is essential. Both upper and lower eyelids are everted and irrigated to flush out any foreign body. If an embedded corneal foreign body is present, referral should be made to an ophthalmologist for removal using a slit-lamp biomicroscope (14) .
Hyphema
Hyphema is the most common sports-related eye injury (18) . Direct ball-to-eye blunt trauma causes shearing forces on iris blood vessels. Rupture of these vessels results in a hyphema. Symptoms include pain, blurred vision, and photophobia. Examination reveals gross layering of blood or clot in the anterior chamber ( Fig. 1) . Treatment involves the use of a protective eye shield, bed rest, head-of-bed elevation, cycloplegic drops, and avoidance of any aspirin-containing products. All cases of hyphema should be referred to an ophthalmologist (19) . 
Traumatic Iritis
Blunt injury to the anterior ocular tissues may result in traumatic iritis. Symptoms include a dull, aching pain of the eye or brow, photophobia, and tearing generally within 3 d of the trauma. Patients often experience this pain when a light is directed into either eye. Gross external examination is often unrevealing. Slit-lamp examination reveals white blood cells and flare in the anterior chamber. Treatment with cycloplegic drops may relieve the pain, and steroid drops are used to hasten the natural course of improvement (14, 20) .
Orbital Blow-Out Fracture
Blunt eye trauma can displace pressure to the orbital bones surrounding the eye. At highest risk are the thin bones forming the orbital floor and medial wall. Symptoms of orbital fracture include pain with attempted eye movement, local tenderness, binocular double vision (the double vision disappears when either eye is covered), eyelid swelling, and crepitus. Eye movements are often severely restricted in upgaze or lateral gaze. A patient suspected of having an orbital fracture should be instructed not to blow his nose, as this dramatically may worsen periorbital crepitus. Computed tomography (CT) scanning is indicated to visualize the extent of the fracture. Surgical repair may be necessary in cases of extraocular muscle entrapment, persistent diplopia, or large fractures causing enophthalmos, a sinking of the globe into the orbital cavity (21) .
Retinal Commotio, Tear, or Detachment
Athletes suffering any eye injury are at risk for retinal trauma. Commotio retinae refers to retinal whitening from damage to the outer retinal layers as a result of blunt trauma. It is often noted in the macula and may cause blurred vision, but usually resolves spontaneously over several weeks without sequelae. Tractional forces conducted through the vitreous cavity also can result in retinal tears or detachments, with symptoms including floating spots, flashing lights, or curtains moving into the visual field. Prompt referral to an ophthalmologist is essential to reduce or prevent permanent visual loss (14, 22) .
Traumatic Optic Neuropathy
Traumatic optic neuropathy occurs in 0.5%Y5% of traumatic head injuries and frequently follows blunt eye trauma. Patients present with sudden visual loss after trauma with an otherwise normal ocular examination. Direct, shearing, or shock wave injury is transmitted to the optic nerve. Most commonly, the nerve is damaged as it passes within the optic canal. Permanent visual loss is common, with approximately half of patients experiencing no visual recovery regardless of treatment (23) . Prompt treatment with high-dose intravenous corticosteroids is an option but is controversial, as no convincing data exist that steroids are superior to observation alone (24) . Traumatic optic neuropathy may occur following a finger-to-eye injury. In fact, complete optic nerve avulsion has been reported by this mechanism as a result of a basketball injury (25) .
Globe Rupture
Globe rupture is the most severe result of ocular injury (Fig. 2) . Symptoms include severe pain and decreased vision. Examination reveals severe subconjunctival hemorrhage, a deep or shallow anterior chamber compared with the contralateral eye, peaked or irregular pupil, and intraocular contents visible outside the globe (14) . A hard shield should be placed over the eye to avoid any pressure being placed on the eye, and the patient should be admitted to the hospital with no food or drink (NPO) to facilitate prompt surgical repair (26Y28).
PROTECTIVE EYEWEAR IN BASEBALL AND BASKETBALL
Protective eyewear has reduced the number and severity of eye injuries (7) . Protective eyewear is most commonly made from lenses of polycarbonate or Trivex (29) . Both materials are able to prevent direct ocular injury by displacing and dispersing the traumatic impact. Protective eyewear can be made to incorporate a patient's distance glasses prescription. Contact lenses provide no eye protection, and standard spectacles offer limited protection (30) .
Most sports-protective eyewear standards are set by the American Society for Testing and Materials (ASTM) and certified by the Protective Eyewear Certification Council (www.protecteyes.org) ( Table 2 ). The ASTM F803 standard is set for eye protectors for specific sports such as basketball, baseball, racket sports, women's lacrosse, and field hockey. The ASTM F910 standard is used for face guards for youth baseball. For example, the ASTM F803 baseball eyewear for little league under age 9 must resist a baseball at 55 mph delivering 45.6 J of energy. The same eyewear in athletes aged 9Y15 yr must resist an 85 mph baseball delivering 70.2 J of energy (31) . By following these age-and sportmatched standards, coaches, parents, team physicians, and ophthalmologists can identify safe and appropriate eyewear.
Other ways to minimize risk of sports-related ocular injury include modification of standard equipment. One study investigated baseball hardness as a risk factor for eye injuries by measuring orbital force and penetration of baseballs of various hardness projected into an artificial orbit (32) . The softer baseballs had lower peak-orbital force and force-onset rate than the harder major league baseballs. However, the softer baseballs intruded into the orbit significantly more than the harder baseballs. The study recommends the use of baseballs that are 15%Y20% of major league ball hardness for youth baseball because these balls feel like major league balls and reduce the potential for eye injury to the unprotected player (32) .
CURRENT RECOMMENDATIONS BY THE AMERICAN ACADEMY OF OPHTHALMOLOGY
In 2004, the American Academy of Pediatrics and American Academy of Ophthalmology issued a joint policy statement to ''strongly recommend protective eyewear for all participants in sports in which there is risk of eye injury.
Protective eyewear should be mandatory for athletes who are functionally one-eyed and for athletes whose ophthalmologists recommend eye protection after eye surgery or trauma (33) .''
WHY DON'T WE PREVENT OCULAR INJURY?
If baseball-and basketball-related eye trauma is so common, why don't we do more to prevent ocular injury? Most statistical information on sports-related eye trauma only reports the number of occurrences of ocular injury in a given sport. However, these data can be subject to participation bias, as the results are skewed toward more popular sports. Few studies have reported actual rates of sports-related eye injury. A recent investigation of 16 yr of eye injuries in 12 various sports at an NCAA division IIIlevel college found an injury rate for a single participant of 1/736.1 games in men's basketball and 1/6426 innings in men's baseball. The researchers suggest that safety glasses are not indicated for most college athletes and only should be considered when indicated by the patient's past ocular history (34) . This advice may not be well founded, as these injury rates are similar to those reported in the NBA of 1.44/1000 game exposures and in MLB of 1.9/100,000 player-innings (9, 12) . These injury rates are not insignificant, and the potential for severe visual impairment must be balanced against the inconvenience of eye protection.
Common reasons for failure to wear athletic eye protection include discomfort and limitation of peripheral vision. Properly fitting current athletic eye protection offers excellent comfort and no limitation in visual field. In youth baseball, faceguards effectively prevent oculofacial injury with no reported adverse effect upon player performance (35) . For these reasons, organizations such as Prevent Blindness America continue to advocate changes in rules and legislation to mandate use of eye protection in organized youth sports such as little league baseball (36) .
CONCLUSION
The role of the comprehensive physician goes far beyond primum non nocere. Basketball and baseball are sports enjoyed in youth and throughout life. These activities promote good health but do not come without risk. In this era of preventive medicine, primary care physicians must encourage physical activity, identify patients at potential risk for accidental trauma, and counsel these patients accordingly. A discussion of protective eyewear should be carried out by both pediatricians and adult primary care physicians. Patients with previous history of ocular trauma, surgery, or eye disease require referral to an ophthalmologist for consultation before participating in at-risk activities. 
